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INTRODUCTION 
Life History 
The North American paddlefish, Polyodon spathula, is an 
ancient species of the family Polyodontidae. This family 
contains only one other living species, Psepherus gladius, 
which inhabitats the Yangtze River in China (Eddy and 
Underhill 1974). The paddlefish has existed in its present 
form for over 120 million years (Lagler et al. 1977). The 
most conspicuous characters of the paddlefish are its long 
flattened rostrum and large heterocercal caudal fin (Eddy 
and Underhill 1974). 
The largest paddlefish recorded was speared in the 
Okoboji Lakes of Iowa in 1916 (Nichols 1916), it weighed 
over 90 kg (Harlan and Speaker 1956). The Iowa State record 
paddlefish caught by a sport fisherman was snagged in the 
Missouri River in 1981. This fish, weighed 49 kg (Satre 
1982). In the Upper Mississippi River, paddlefish are 
commonly taken in the 2 to 10 kg range, with a few large 
individuals between 20 and 27 kg (Gengerke 1978). 
Paddlefish are long lived and require several years to 
attain sexual maturity. This species exhibits sexual 
dimorphism with respect to size and age at maturity. 
Larimore (1950) determined that female maturity is reached 
at 107 to 127 cm total length (TL) and the smallest mature 
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male examined was 99 cm. In Pool 13 of the Upper 
Mississippi River, Gengerke (1978) found some mature males 
at 4 years and all males 9 years or older were sexually 
mature. Males 9 years old averaged 115 cm fork length (FL). 
Females in this population reached maturity between 6 and 12 
years; 12 year olds had a mean fork length of 125 cm. 
Evidence suggests that females do not spawn annually 
and may become gravid at intervals of 2 or more years 
(Carlson and Bonislawsky 1981, Houser and Bross 1959, 
Vasetsky 1971). Meyer (1960) examined dentary bone sections 
from paddlefish captured in the Upper Mississippi River. He 
suggested that spawning may occur at 4 to 7 year intervals 
due to a pattern of crowded annuli observed in these fish. 
Roussow (1957) observed a similar pattern of crowded annuli 
in the fin rays of Acipenser fulvescens. He found this 
crowding to be especially noticeable in female lake sturgeon 
at the time when yolk materials are added to the ova. 
Periodicity of spawning runs has been suggested by Elzer 
(1977) from tag returns of paddlefish marked at Intake, 
Montana on the Yellowstone River. After one year of initial 
tagging, highest returns to the fishery occurred in the 
second, fifth, and eighth years. 
Paddlefish feed primarily on zooplankton and immature 
aquatic insects. Young of the year less than 120 mm TL 
select individual large cladocerans (Paul Michalitz, South 
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Dakota Game, Fish, and Parks, Yankton, personal 
communication). At a length of 120 mm, they begin to switch 
to filter feeding. Kofoid (1900) observed the feeding 
behavior of captive adults. These fish appeared to locate 
the concentrations of plankton and then swim in circles 
while opening and closing the mouth. This behavior 
continued until the food was consumed. Adults have been 
described as non-visual filter feeders (O'Brien 1979) and 
the species of zooplankton consumed relates to the size of 
the organism and the number and spacing of the gill rakers 
(O'Brien 1979, Rosen and Hales 1981). In the Missouri 
River, paddlefish primarily utilize crustacean zooplankton 
as food. Rosen (1976) and Rosen and Hales (1981) report 
that Daphnia pulex, calanoid copepods, and Diaptomus 
comprise 75 percent of paddlefish diet by volume in the 
Missouri River, with Daphnia pulex most important. Meyer 
(1960) found Missouri River paddlefish stomachs to contain 
copepods, Cladocera, and phytoplankton at 75, 15 and 10 
percent of stomach volume, respectively. 
Paddlefish in the Upper Mississippi River consume large 
quantities of immature insects, primarily mayfly nymphs. 
Hexagenia nymphs made up 40 percent of the volume of 
stomachs examined by Hoopes (1960). Meyer (1960) determined 
that Hexagenia and Pentagenia nymphs comprised 60 to 95 
percent of the diet with Cladocera and copepods'comprising 1 
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to 30 percent of the stomach volume. Wagner (1908) noted 
that in certain collections in the Mississippi River, 
paddlefish had gorged on Hexagenia nymphs. He stated that 
this occurred during periods of emergence and that the 
nymphs were taken as they move through the water column from 
the substrate to the water surface. At other times, the 
diet was almost entirely zooplankton. 
Eddy and Simer (1928) calculated that large volumes of 
water are filtered by paddlefish in order to fill their 
stomachs. The calculations were based on the stomach 
contents of these fish and the abundance of the food 
organisms in the water column. It was determined that 62 to 
203 cubic meters of water were filtered by large individuals 
in order to obtain the quantity of zooplankton found in 
their guts. The amount of filtering required is dependent 
upon the density of food items available in the water 
column. 
There is a possibility that adults may occasionally 
feed by selecting prey organisms. Fish have been documented 
in the stomach contents of paddlefish (Meyer 1960, Fitz 
1966). Fitz (1966) found the stomach of one paddlefish in 
the tailwaters of Fort Loudoun Dam, Tennessee River to 
contain 13 threadfin shad 5 to 10 cm TL. He felt that the 
shad were not so numerous as to be accidentally consumed. 
Paddlefish are found primarily in the Mississippi River 
5 
drainage and some adjacent Gulf Coast drainages (Carlson 
and Bonislawsky 1981). Eddy and Underhill (1974) report 
that a population once existed in the Great Lakes. Loss of 
paddlefish range has occurred and they are now abundant only 
in the Mississippi River drainage. Populations are 
declining in most areas but appear to be increasing in some 
localities, perhaps due to pollution abatement (Carlson and 
Bonislawsky 1981). Several states officially consider the 
paddlefish as rare or endangered. This status is held in 
Maryland, Minnesota, Pennsylvania, West Virginia, and 
Wisconsin (Miller 1972). 
In the large river systems of the Mississippi drainage, 
paddlefish tend to inhabit slow moving waters which provide 
an abundance of zooplankton (Pflieger 1975). Backwaters and 
oxbow lakes have been important habitat for this fish 
(Stockard 1907, Wagner 1908, Alexander 1915, Rosen 1976). 
In the lakes of the Upper Mississippi River, Wagner (1908) 
found paddlefish to aggregate in large schools, but they 
were abundant one day and absent the next in any particular 
lake. Thompson (1933) suggests that these fish move 
extensively through a variety of large river habitats. 
Spawning habits and habitats remained a mystery to 
fisheries investigators for some time. Stockard (1907) 
captured spent females moving from the lower Mississippi 
River into a backwater lake after May 16. He aIso captured 
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females after May 5 which were confined to lakes without 
access to the main river. Several of these fish contained 
eggs which were degenerating and becoming whitish and soft. 
Stockard concluded that the paddlefish could not spawn in 
still waters. The suspected spawning areas were the mouths 
of small bayous with running water. 
Everman (1902) observed that paddlefish migrated up the 
Ohio River in May and concentrated below the falls at 
Louisville. He suggested that spawning occurred in early 
June, based on examination of roe taken from paddlefish in 
May. Stockard (1907) felt that spawning occurred in the 
middle to latter half of April, in the lower Mississippi 
River. Allen (1911) captured females with and without eggs 
in March near the confluence of the Ohio and Mississippi 
Rivers. He suspected that the main channel was the spawning 
and rearing site for paddlefish. Examination of gonads led 
Larimore (1950) to suggest that spawning occurs as early as 
March in the southern range and as late as May in the 
northern extent of the range. 
The first young-of-the-year paddlefish were not 
documented until 1932 in the Mississippi River (Thompson 
1933). Postlarvae, 17-20 mrn TL were collected from the 
Mississippi River near Grand Tower, Illinois on May 14, 
1932. Water temperature at the collection site was 12.8 c. 
Four postlarval paddlefish, 17-26 mrn TL, were collected on 
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May 29, 1944 near Cape Girardeau, Missouri from the 
Mississippi River (Larimore 1949). These fish were taken in 
the main channel on an island sandbar while the temperature 
was 25 C. Helms (1973) captured two paddlefish larvae in 
Pool 13, upper Mississippi River in a drift net sample taken 
on May 18, 1972. 
Spawning of paddlefish was first observed and 
documented in April, 1960 in the Osage River, Missouri by 
Purkett (1961). On the seventh day after a spring water 
level rise of 2.7 m, spawning was observed over a large 
gravel bar. The pebble substrate varied from 13 to 38 mm 
and the water temperature was 16.1 C. The eggs were found 
to be highly adhesive after fertilization and became firmly 
attached to the substrate. Purkett noted that within a few 
minutes after hatching, larvae swam continuously. This 
action served to disperse the larvae from the gravel bars 
into quiet waters downstream. Optimum embryonic development 
of paddlefish occurs at 14 C (Purkett 1961, Ballard and 
Needham 1964) and hatching takes place in 10 to 11 days at 
14.0-14.5 C (Purkett 1963a). Ballard and Needham (1964) 
report that 26 days .after hatching larvae begin to feed and 
are about 15 mm in length. 
Paddlefish spawning has not been observed since 
Purkett's observation (1961) and specific sites of spawning 
have not been further documented. However, gravid fish, 
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eggs, and larvae have been collected in other systems which 
confirm spawning in general areas. Natural reproduction of 
paddlefish has been documented annually since 1965 in the 
Missouri River between Fort Randall Darn and Lewis and Clark 
Lake (Unkenholz 1981). The collection dates of larvae in 
this system suggest that spawning occurs in late May and 
early June at water temperatures of 10.0-16.7 C. Larvae and 
eggs have been collected in the Cumberland River below 
Cordell Hull Darn (Pasch et ale 1978). Eggs were first 
collected on April 13, 1977 and the first larva was captured 
on April 21, 1977. It was determined that spawning 
commenced in the second week of April and continued until 
mid-May in 1977. Most of the larvae collected in this study 
were taken at water temperatures of 14-15 C. 
In the Osage River, paddlefish begin to congregate in 
the headwaters of the Lake of the Ozarks as early as 
~ebruary (Purkett 1961). This movement from Lake of the 
Ozarks up the Osage River is an annual spring event (Purkett 
1963b). In Old Hickory Reservoir on the Cumberland River, a 
winter movement of paddlefish to the uppermost riverine area 
occurs (Pasch et ale 1978). In Old Hickory Reservoir, it 
appears that the larger members of the population engage in 
this movement to the headwaters. Similar upstream 
migrations in late winter and early spring occur in the 
Yellowstone and Missouri Rivers (Robinson 1966, Elzer 1977, 
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Rehwinkel 1978, Van Eeckhout 1980) and in the Ohio River 
(Everman 1902). Migrational 'runs' have been described by 
Coker (1930) and Meyer (1960) in the Mississippi River but 
these movements were not directly attributable to spawning 
migrations. There is evidence that immature paddlefish may 
engage in group movements upstream during the time of 
spawning runs (Meyer 1960, Purkett 1963b, Pasch et al. 
1978). 
Photoperiod, water temperature, and river stage have 
been identified as factors which determine the timing of 
spawning (Purkett 1961, Elze~ 1977, Pasch et al. 1978). In 
the Osage River, the extensive migration did not occur until 
water temperatures reached 10 C and a significant rise in 
river stage was maintained for several days (Purkett 1961). 
In the Missouri River, the duration of peak flow may be more 
critical to spawning success than the stage height (Elzer 
1977). In the tailwaters of Cordell Hull Dam on the 
Cumberland River, catch-per-unit-effort with gill nets 
increased five times when the river stage rose 10 m from 
March 31 to April 13 (Pasch et al. 1978). Low water levels 
in the spring may interfere with paddlefish spawning 
(Needham 1965) or limit the extent of migration (Elzer 
1977). 
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Fisheries 
Paddlefish supported a large fishery in the Mississippi 
River basin in the early 1900s (Carlson and Bonislawsky 
1981). Everman (1902) reported that it was the most sought 
after commercial fish species in the Mississippi River 
basin. The flesh and roe were highly valued (Everman 1902) 
and sometimes the heads and fins were rendered into oil 
(Hussakop 1910). The flesh was often smoked and the roe was 
made into caviar. The loss of sturgeon stocks prior to the 
turn of the century created a greater demand for paddlefish 
flesh and roe (Stockard 1907). Stockard (1907) describes 
the use of huge seines, as large as 3.2 km long and 9.1 m 
deep, which were employed to capture paddlefish in the lower 
Mississippi River lakes. 
The paddlefish fishery of the Mississippi River has 
declined significantly in·the last 50 years (Carlson and 
Bonislawsky 1981). After the construction of the Keokuk Dam 
on the Mississippi River, paddlefish catch was greatly 
reduced in the Upper Mississippi River (Thompson 1933). 
Minnesota and Wisconsin have removed the paddlefish from the 
commercial fishery but Illinois, Iowa, and Missouri still 
harvest these fish commercially from the Upper Mississippi 
River (Gengerke 1978). Demand for smoked paddlefish is not 
great and the flesh is marketed on a limited basis. 
However, reductions in the importation of sturgeon roe from 
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Iran and the Soviet Union, have created a greater demand for 
paddlefish roe. Raw eggs were valued at about $18/kg 
($40/lb) in 1981. The increased exploitation of gravid 
females has created concern among fisheries managers in the 
Midwest. 
Hussakop (1910) considered the paddlefish to be of 
absolutely no sport value. In spite of this early appraisal, 
several states have legalized sport snagging for paddlefish. 
In late winter and early spring, paddlefish tend to 
concentrate below dams and other obstructions to upstream 
movement. When concentrated in specific areas, these fish 
are highly vulnerable to blind snagging techniques. 
In 1973, the State of Illinois legalized snagging for 
paddlefish below the navigation dams on the Mississippi 
River (Ackerman 1975). The season was open continuously 
with no creel limit enforced. Ackerman (1975) reported that 
intensive exploitation occurred. Iowa followed suit and 
opened a snagging season in 1974 with a two fish per day 
limit (Beck 1978). Catch rates as high as four fish per 
hour were reported in February and March below Mississippi 
River dams (Anderson and Ackerman 1977). 
Other snag fisheries exist in tailwater areas 
throughout the Mississippi River drainage. Some of the 
larger fisheries are located at Intake, Montana on the 
Yellowstone River (Rehwinkel 1978), the Osage River (Purkett 
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1963b) on the Missouri River below Fort Randall Darn 
(Unkenho1z 1979) and Gavins Point Darn, and on the Tennessee 
River at Kentucky Darn (Carlson and Bonislawsky 1981). 
Padd1efish populations have declined in many areas 
where this fish was once abundant. There are a variety of 
factors which may have influenced the distribution and 
abundance of paddlefish (Houser and Bross 1959, Carlson and 
Bonislawsky 1981). The construction of darns has inundated 
spawning grounds and blocked or delayed spawning migration. 
Degradation or elimination of backwater habitats has 
occurred through land use practices and channelization. 
Dewatering of streams has reduced available habitat. 
Industrial pollution has eliminated paddlefish from some 
areas. These factors combined with commercial and sport 
fishery exploitation have served to deplete paddlefish 
populations. 
Paddlefish Movement 
Paddlefish movements have been studied by mark and 
recapture techniques in the Osage River (Purkett 1963b), the 
Missouri and Yellowstone Rivers (Robinson 1966, Elzer 1977, 
Rehwinke1 1978, Rosen 1976 and Van Eeckhout 1980) in the 
Cumberland River (Pasch et al. 1978) and in the Upper 
Mississippi River (Gengerke 1978). These investigations 
documented the high mobility of the species and its ability 
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to travel great distances. 
Movement studies using telemetry and continual or 
frequent monitoring have been fewer and less extensive. 
Most work has been directed at locating spawning sites and 
documenting spawning behavior. Elzer (1977) used internally 
and externally fitted transmitters in the Yellowstone River. 
Tracking was conducted by aircraft with limited success. 
Sonic tagged paddlefish moved extensively in the Osage and 
Maris des Cygnes Rivers, but did not lead researchers to 
spawning sites (Russell et al. 1980). Unkenholz (1981) 
experienced difficulties with attenuation of radio signals 
due to high conductivities in the Missouri River below Fort 
Randall Dam. Mature paddlefish in this study tended to 
remain in the tailwaters for the duration of the tracking 
period. Two paddlefish were surgically implanted with sonic 
tags by Pasch et al. (1978). These fish were released in 
the intake channel to the Gallatin Stream Plant on the 
Cumberland River. Movements from the intake channel into 
the open reservoir and then back to the intake channel were 
observed over a period of two days. 
Radio Telemetry in Rivers 
Studies involving other fish species have successfully 
utilized radio telemetry in large rivers. Knight et al. 
(1977) tracked radio-tagged Atlantic salmon, Salma salar, 
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rainbow troutl Salmo gairdneri l and American shad l Alosa 
sapidissima l in the Penobscot and Connecticut Rivers. 
Ultrasonic and radio transmitters were used to monitor 
movements of striped bassI Morone saxatilis l in the Savannah 
River l Georgia (Dudley et ale 1977). Spring activity of 
walleye l Stizostedion vitreum vitreuml were determined with 
radio-telemetry by Bahr (1977) in Pools 7 and 8 of the Upper 
Mississippi River. White sturgeon l Acipenser transmontanus l 
movements were evaluated in the mid-Columbia River l 
Washington with radio transmitters by Haynes et ale (1978). 
Adult Atlantic salmon were tracked with radio-telemetry in 
the Penobscot River l Maine (McCleave et ale 1978) and adult 
chinook salmon l Oncorhynchus tshawytscha l spawning 
migrations were monitored by a radio system in the lower 
Snake River l Washington (Gray and Haynes 1979). The success 
of these investigations demonstrated the feasibility of 
conducting radio telemetry studies of fishes in large lotic 
systems. 
Study Objectives 
The need for information about paddlefish populations 
in the Upper Mississippi River and the existence of 
commercial and sport fisheries for this species served as 
the impetus for a three year study conducted by the Iowa 
Conservation Commission (Gengerke 1978). The stuay focused 
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on life history information, exploitation, and harvest 
characteristics of paddlefish in the Upper Mississippi 
River. The need to delineate spawning grounds of paddlefish 
in this system was identified by the study. There is also a 
lack of information concerning paddlefish movements and 
habitat requirements in the Upper Mississippi River. The 
continuing impacts on the river system from navigation, 
siltation, industrial development, and the potential for 
hydroelectric power development create an urgent need to 
identify paddlefish requirements. 
This need for information led to a radio-telemetry 
study on paddlefish in the Upper Mississippi River. The 
objectives of the study were (1) to determine spring and 
summer movement of paddlefish, (2) to describe and quantify 
physical characteristics of habitat utilized by paddlefish, 
(3) to identify associatio~s of paddlefish with specific 
habitat types and navigation improvement structures, and (4) 
to identify spawning sites of paddlefish and describe 
associated activity. 
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STUDY AREA 
The Upper Mississippi River, as defined by the Upper 
Mississippi River Conservation Committee (UMRCC), stretches 
926 miles from Caruthersville, Missouri to Hastings, 
Minnesota (Rasmussen 1979). This river, prior to 
modification by man, was a series of deep pools separated by 
rapids and shallow bars (Carlander 1954). The channel and 
course of this river have not changed considerably in the 
last 200 years due to natural forces (Jackson et al. 1981). 
However, this relatively stable river has been altered 
significantly by man in the last 100 years. In 1845, the 
Mississippi River Improvement Committee was organized with 
the goal of maintaining an open river as a highway for 
commercial navigation (Carlander 1954). Improvement was 
initially confined to removing snags and rocks, but in 1878, 
the United States Congress authorized maintenance of a 1.4 
m-deep channel (Rasmussen 1979). The U.S. Army Corps of 
Engineers used a variety of river training structures such 
as wing and closing darns and revetment to carry out this 
mandate. A 1.8 m navigation channel was authorized by 
Congress in 1907 to extend fron the confluence of the 
Missouri River to Minneapolis, Minnesota (Rasmussen 1979). 
This.was accomplished by construction of more training 
structures and dredging. At the present time, the Corps of 
Engineers maintains a 2.7 m-deep channel from St. Louis to 
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Minneapolis. This aquatic highway was created by the 
construction of 29 darns and navigation locks on the Upper 
Mississippi River. Most of the darns were constructed in the 
1930s. River channel training structures and impoundment by 
darns served to alter river morphology and produce different 
river behavior (Jackson et al. 1981). The darns have 
expanded the surface area of the Upper Mississippi River, 
stabilized flow, and reduced turbidity. 
Paddlefish telemetry was conducted primarily in Pools 
12 and 13 of the Upper Mississippi River (Fig. I). 
Pool 12 extends from Lock and Darn 11 at Dubuque, Iowa to 
Lock and Darn 12 at Bellevue, Iowa. The pool is 42.3 km from 
darn to darn and ranges from 0.8 krn to 3.7 krn in width 
covering about 4998 ha at normal pool. Average annual flow 
at Lock and Darn 12 is 1308 m3 /second. Pool 13 stretches 55 
krn from Lock and Darn 12 to Lock and Darn 13 at Clinton, Iowa. 
This pool covers 11,379 ha at normal pool and rang~s in 
width from 0.5 to 6.4 krn. Average annual flow is 1342 
m3 /second at Lock and Darn 13. Low flow normally occurs in 
fall and winter in these pools, while highest flows occur in 
spring and summer. The navigation darns tend to stabilize 
flows, but are not used to store water for flood control (US 
Army Corps of Engineers 1980a, 1980b). 
The study area is characterized by a diversity of 
aquatic habitats. These habitats have been classified by 
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the UMRCC Fish Technical Section (Rasmussen 1979) as main 
channel, main channel border, side channel, tailwater, river 
lakes and ponds, and sloughs. Main channel is the navigable 
portion of the river defined by wing dams, river banks, 
islands and navigation markers. It has a minimum depth of 
2.7 m and a minimum width of 122 m. Main channel border 
extends from the main channel to the river bank, islands, or 
submerged definitions of the old river channel. Wing dam 
structures are located in this habitat. Side channels are 
departures from the river channel which maintain current 
flows during normal river stage. Tailwater is the area 
below locks and dams where waters are highly turbulent. An 
arbitrary lower boundary of 0.8 km, downstream from a lock 
and dam, has been selected for this habitat type. River 
lakes, ponds, and sloughs, for the purposes of this study, 
have been combined into the single category of backwaters. 
Backwaters are comprised of oxbows, depressions, areas 
between levees, lentic areas above dams, and connections to 
the main river which are intermittent or low in flow. 
Figure 2 presents representative examples of the habitat 
types. 
TAILWATER--T-O 
MAIN CHANNEL--+-":> 
MAIN CHANNEL 
---i1"O 
BORDER 
SIDE CHANNEL ____ -tO 
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FIGURE 2. Examples of habitat classification 
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METHODS 
Telemetry System Selection 
Ultrasonic and radio-telemetry systems each have 
inherent advantages and disadvantages depending upon the 
animal to be studied, the objectives of the investigation 
and the characteristics of the study area. The capabilities 
and drawbacks of the two telemetry types are discussed by 
Stasko and Pincock (1977) and Winter et al. (1978). 
Ultrasonic systems provide very precise location 
capabilities under most conditions. Some disadvantages are 
(1) hydrophone positioning requires contact with the water 
from a relatively stationary craft, (2) underwater 
obstructions or land masses will block signal transmission, 
and (3) air bubbles in turbulent water and aquatic 
vegetation can interfere with signal transmission. 
Radio systems are less precise in location and signal 
attenuation increases with increasing water depth and 
conductivity. Some advantages of radio-telemetry are (1) 
location does not require contact with the water and can be 
conducted from moving boat, aircraft or land, (2) turbulence 
and vegetation do not significantly effect signal 
transmission, and (3) due to radio wave propagation from 
water to air, the signal can be detected around underwater 
objects or land masses. 
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On site evaluation of both telemetry types showed that the 
radio system would provide satisfactory range, precision of 
location, and searching efficiency. 
Commercially available radio-telemetry equipment was used. 
A hand held, tuned loop receiving antenna was obtained from 
Smith Root Incorporated (Vancouver, Washington). Transmitters, 
receivers, and a three element yagi receiving antenna were 
manufactured by Dav-Tron Incorporated (Minneapolis, Minnesota). 
Transmitters broadcast on 49.100 to 49.280 MHz, individually 
identified by a 20 KHz separation. Radio tags used in 1980 
were 9 x 3 cm and weighed 80 g in air, 27 g in water. Tags 
used in 1981 were 9 x 3.5 cm and weighed 100 g in air, 31 g in 
water. Transmitting whip antennae were 34 cm long. Mercury 
batteries had an expected transmitting life of 6 months at a 
pulse rate of 67 to 220 per minute. Transmitters were equipped 
with integral magnetic on/off switches to preserve battery life 
until use. 
Model DM-10 telemetry receivers had manual channel 
selection, with capabilities to handle 12 channels spaced at 20 
KHz on a frequency of 49 MHz. Power was supplied by 12 V 
rechargable batteries or by 12-16 VDC external power source. 
Signal reception was identified by an audible tone through 
headphones or receiver speaker and by a meter indicator. 
Two receiving antennae were employed. A three element 
yagi antenna was used for primary location of transmitter 
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signal. This antenna was approximately 2.5 m square and was 
mounted on a 3 m aluminum conduit mast with the elements set 
perpendicular to the water surface. Maximum range of signal 
detection at a conductivity of 340 uMohs and a temperature of 
30 C was 2.4 krn at transmitter depth of 1 m, and 0.5 krn at 
transmitter depth of 6 m. The yagi antenna provided good range 
of signal detection but did not have high resolution when in 
close proximity to the signal source. The hand held loop 
antenna had about 20 percent of the yagi range, but provided 
greater accuracy of location when close to the transmitter. 
Minimum distance of directionality at transmitter depths of 6 m 
and 1 m were less than 1m and 10 m respectively. A 5.5 m flat 
bottom boat powered by an outboard motor completed the tracking 
system. 
Fish Capture 
Paddlefish were captured by passive and active techniques. 
Floating gill nets of 8.9 to 15.2 cm bar mesh were dead set and 
drifted at the water surface in backwater and main channel 
border habitats. A trammel net with 5.1 cm inner mesh was 
drifted in the tailwaters of Lock and Darn 12 on one occasion. 
Sport snagging tackle was used in spring of 1981 below Lock and 
Dam 12. Snagging gear consisted of a stout 1.9 m 'boat rod' 
and heavy reel equipped with 11 kg test monofilament line. Two 
number 8/0 treble hooks were attached at about 30 'and 180 cm 
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above terminal lead sinkers of about 0.25 kg. Snagging was 
conducted from a boat, generally perpendicular to the current 
flow. All methods captured paddlefish. Snagging was most 
productive in early spring depending upon flow conditions. 
Entanglement gear was useful in spring and summer. Gill nets 
of 2.7 cm bar mesh dead set at the surface of the water in 
selected backwater areas were most productive. 
Surgical Implantation 
Surgical implantation techniques were similar to those 
described by Hart and Summerfelt (1975). Padd1efish were held 
on the front deck of the boat and kept moist with a wet towel. 
No anesthesia was used. After measuring fork length (FL) and 
body length (BL) (Ruelle and Hudson 1977), the site of incision 
was washed with Novilsan antiseptic. All surgical tools and 
hands were cold sterilized with Novilsan prior to operating. 
The incision was made on the left side of the fish into the 
body cavity immediately posterior to and above the pelvic fins, 
anterior to the anus. Incision length was 6-9 cm. Inspection 
of gonads in 1981, to identify mature males, required a larger 
incision, slightly higher on the body. Transmitters were 
coated in paraffin and sterilized in Novilsan. The transmitter 
was inserted through the incision and pushed to the anterior of 
the body cavity. The transmitting antenna exited the incision 
which was closed with 8-12 individual chromic or nylon sutures. 
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The operation required 8-10 minutes to complete. Fish were 
then held in the water at the side of the boat until 
ventilation was regular and a strong swimming response was 
exhibited. The assumption was made that surgical implantation 
and presence of radio transmitters did not significantly alter 
the behavior of the fish. 
Tracking and Location 
Searching was conducted primarily by boat on a daily 
basis. In most sections of the river, searching could be 
accomplished from the main channel. Some backwater areas 
required more extensive searching, depending upon distance from 
the main channel. Searching speed was dependent upon wind and 
waves as well as channel morphology. Primary reception was by 
yagi antenna. The loop antenna was used to pinpoint radio-
equipped fish when the yagi antenna could no longer provide 
resolution. 
An airplane was employed once at the end of summer 1981, 
in an attempt to locate fish which could not be contacted by 
boat in the study area. The loop antenna was attached to the 
aircraft wingstrut with an aluminum mounting bracket. 
Searching was conducted over Pools 9 through 16, of the Upper 
Mississippi River. 
When a telemetry location was made, the boat was anchored. 
A sextant or compass was used to triangulate position from 
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three fixed landmarks. In some cases, proximity to a promi-
nent landmark facilitated plotting location directly on a 
map. At telemetry locations, fish identification number, 
time, and several physical parameter measurements were re-
corded. Water temperature at 1 m depth was determined. Depth 
of water and bottom contours were measured with a Vexilar 555 
depth recorder. Occasionally, the position of the radio-
tagged fish in the water column was obtained with the depth 
recorder. Current velocity at 20 percent of the water depth 
was measured with a Teledyne Gurley 622-E current meter. 
Average daily river stage and discharge at Lock and Dam 12 
were obtained from the u.s. Army Corps of Engineers, 
Hydraulics Branch, Rock Island District. 
Proximity to specific structure types was determined vis-
ually with the aid of a range finder, and from map plots of 
telemetry locations. An arbitrary distance of 400 m or less 
downstream from wingdams was used to define association with 
this structure type. This was based upon average wingdam 
length in the study area, and a general rule that a constric-
tion in the river will affect current patterns, downstream 
from the structure, approximately four times its length 
(T. A. Austin, Department of Civil Engineering, Iowa State 
University, personal communication). Association with other 
structure types and when fish were above wingdams was deter-
mined subjectively based on current patterns observed at 
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that location. 
Habitat types at telemetry locations were determined 
visually and from map plots, and were identified as one of the 
five categories previously defined. The relative percentage 
which each habitat type comprised of the study area, was 
determined gravimetrically. These data were verified by 
comparison with information from the u.s. Fish and Wildlife 
Service, Rock Island, Illinois and Hagen et al. (1977). 
Backwater ponds and sloughs which were determined to be 
inaccessible to paddlefish were not considered as part of the 
available backwater habitat. 
Telemetry locations were plotted with a three-arm 
protractor on Mississippi River hydrographic survey maps 
provided by the Corps of Engineers, Rock Island District. 
These photographic maps had a scale of 1:4800. 
Data Analysis 
Summarization and analysis of data were performed on a 
digital computer using the Statistical Analysis System (SAS) 
package (Helwig and Council 1979). A probability value (P) of 
less than 0.05 was used as rejection criteria for the null 
hypothesis in all statistical tests. 
Rate of movement was calculated by dividing straight line 
distance between successive telemetry locations, by the time 
elapsed between these locations. This measurement provides an 
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index of minimum movement but underestimates actual distance 
moved. The distribution of these data was not normal and log10 
transformations were used to allow statistical analysis of 
movement rates (Sokal and Rohlf 1969) by one-way analysis of 
variance (ANOVA) and two-way analysis of variance with the GLM 
procedure of the SAS system. Differences in current velocities 
in the main channel border when fish were associated and not 
associated with wingdams were analyzed with one-way analysis of 
variance using the ANOVA procedure. Water temperature and 
discharge means for the two summers were compared by pooled t-
test using the T TEST procedure. Correlation between fish 
length and rate of movement was calculated by simple linear 
regression. 
Use of available habitat was evaluated by chi-square 
goodness-of-fit analysis (Gibbons 1976). Habitat preference 
was also illustrated using the electivity index of Iv1ev 
(1961), where r is the percent of telemetry locations in a 
habitat type and p is the percent ot that habitat type 
available. Direction of movement during seaBonal periods and 
during periods of increasing, decreasing, and variable flows 
was evaluated by chi-square test for independence (Gibbons 
1976). 
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RESULTS 
Fish Tracked 
Seventeen paddlefish were implanted with radio 
transmitters and tracked during the study period (Table 1 and 
Appendix A). Seven fish of undetermined sex were captured in 
Crooked Slough, Pool 13 (UMR Mile 550), implanted with 
transmitters and released at capture site on June 20-22, 1980. 
These fish averaged 76 cm (BL) and had a mean estimated weight 
of 6.3 kg (length-weight relationship, Gengerke 1978). Tracking 
was conducted until August 27, 1980. The number of individual 
telemetry contacts with each fish varied from six to 60, over a 
period of five to 68 days, during the summer of 1980. A total 
of 248 telemetry contacts were made during this period. The 
median time between telemetry locations varied from 20.8 to 
74.0 hours with an overall median time between locations of 
23.1 hours for tracking in summer, 1980. 
In 1981, tagging of mature paddlefish began in March. 
Seven males and three gravid females were tagged. The females 
averaged 93 cm (BL) and had a mean estimated weight of 15.6 kg. 
Males were smaller, averaging 81 cm (BL), with a mean estimated 
weight of 7.3 kg. Tracking of these fish continued from date 
of release until August 4, 1981. Individual telemetry contacts 
of fish tagged in 1981 varied from six to 48. Three fish 
radio-tagged in 1980 carried functioning transmitters and were 
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TABLE 1. Summary of paddlefish implanted with transmitters 
and extent of tracking in the Upper Mississippi 
River, 1980 and 1981 
Year 
1980 
1981 
male 
Number 
of 
fish 
7 
7 
female 3 
1980 
fish 3 
Study 
totals 17 
Body 
length 
(cm) 
68-86 
75-88 
90-96 
68-96 
Estimated 
weight 
(kg) 
4-9 
6-10 
14-18 
4-18 
Duration 
of 
tracking 
June 
through 
August 
March 
through 
July 
Number 
of 
locations 
248 
270 
518 
also located three to 39 times each. A total of 270 telemetry 
locations were made in 1981, making a study total of 518 
locations. The median time between sequential telemetry 
locations was 49.8 hours, with medians of 21.1 to 89.0 hours 
for individual fish. One fish tagged in 1980 was located only 
three times in 1981, at widely spaced intervals, and was not 
included in movement analysis for 1981. 
In 1980, no known mortalities of radio-tagged fish 
occurred. Contact with one fish was lost after 5 days but 
mortality was not indicated. Two fish were captured by 
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commercial fishermen in July and December, in Pools 13 and 14, 
respectively. Another fish was snagged below Lock and Dam 12 
in March, 1982. 
Mortalities were documented for several fish tagged in 
1981. One fish was tracked for a 15 day period until the 
transmitter was determined to be immobile in a barge fleeting 
area in Pool 12. Last contact was made with another fish, 16 
days after tagging. This fish was found dead by a fisherman on 
May 25, 1981, downstream from point of last contact in Pool 13. 
A third fish was tracked for a 74 day period and was 
subsequently determined to be dead. In November, 1981, a 
fourth fish was recovered dead, from Pool 15 approximately 8 
months after radio implantation. Another fish was captured by 
a commercial fisherman in July, 1981, after 72 days at large. 
Contact was lost with two other fish after 17 and 19 days, 
respectively. 
River Conditions 
The flow and temperature of the river in relation to 
calendar date were used in conjunction with the known biology 
of the paddlefish to divide the study data into seasonal 
periods (Table 2 and Appendix B). Spawning takes place when 
spring water temperatures are 10 to 17 C and river stage rises 
significantly (Purkett 1961, Elzer 1977, Pasch et al. 1978). 
The two summer periods in 1980 and 1981 included data collected 
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from June 23 to August 27 and August 7, respectively. The 
spring period of 1981 included data collected between the dates 
of March 1 and June 23. To facilitate analysis of spring data, 
the spring season was further divided into three additional 
periods. 
TABLE 2. Discharge at Lock and Dam 12 and water 
temperatures for the seasonal periods 
Seasonal Inclusive Discharge Temperature 
period dates (m 3 /second) (C) 
mean sd mean sd 
(N) (range) (N) (range) 
Summer 23 June 954 416 27.8 1.6 
1980 27 August (66) (450-1836) (49) (23-30) 
Prespawn 1 March 1320 538 11.4 1.1 
1981 10 April (41) (771-2580) (17) (10-13) 
Spawning 11 April 20·01 632 15.0 1.6 
1981 25 May (45) (946-2991) (45) (13-19) 
Postspawn 26 May 1150 306 23.0 1.1 
1981 22 June (28) (765-1926) (28) (20-24) 
Summer 23 June 1820 364 25.4 1.8 
1981 7 August (46) (1136-2453) (39) (22-28) 
The prespawn period was defined as March 1 through April 
10. During this period, water temperatures averaged 11.4 C and 
did not exceed 13 C. Mean daily discharge fluctuated in early 
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March between a high of over 2000 m3 /second to a low of 
approximately 800 m3 /second. The river rose from a stage of 
3.21 m (2580 m3 /second) between March 24 and April 10. 
Discharge nearly tripled during this 18 day period of steady 
rising stage. 
The potential spawning period was identified as April 11 
through May 25. On April II, 1981, the river stage reached 
3.49 m and discharge was 2821 m3 /second at Lock and Darn 12. 
The tainter and roller gates of the darn were fully opened 
creating a free flowing river. River stage peaked at 3.63 m 
with a discharge of 2991 m3 /second on April 13. The gates 
remained open (darn out of operation) until April 15 when river 
stage dropped to 3.54 m and the darn was returned to operation. 
Discharge remained high in April and rose to another peak in 
mid-May. On May 12, 1981, tailwater stage at Lock and Darn 12 
reached 3.55 m with a mean discharge of 2891 m3 /second. The 
darn was taken out of operation until the evening of May 15. 
Lock and Darn 12 was out of operation on a total of nine days 
during the spawning period. Water temperatures fluctuated 
between 13 and 14 C from April 11 to April 28. The river 
temperature rose gradually in May and reached 19 C in the last 
few days of the spawning period. The mean temperature for the 
45 day period was 15 C with a range of 13-19 C. 
The postspawn period was designated as May 26 through June 
22. Water temperatures ranged from 20 to 24 C with -a mean of 
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23 C for the 28 day period. Discharge was moderate with a 
mean of 1150 m3 /second for the period. Discharge ranged be-
tween 765 and 1926 m3 /second. 
Summer 1980 was characterized by low flow and high water 
temperatures. Temperatures were as low as 23 C, after heavy 
cool rains, and as high as 30 C which lasted for several days 
during a heat wave. Average discharge for summer 1980 was 
955 m3 /second with daily means ranging from 439 to 1863 
m3 /second. Low flow and high air temperatures resulted in 
an average summer water temperature of nearly 28 C. 
Summer 1981 had significantly greater flow and lower water 
temperatures. Discharge ranged from 1136 to 2433 m3 /second 
with a period average of 1820 m3 /second. Temperatures ranged 
from 22 to 28 C with a mean of 25.4 C. Comparison of summer 
water temperatures for 1980 and 1981 by pooled t-test showed 
that in 1980 temperatures were significantly higher (P<O.Ol). 
A t-test of discharge from June 23 through August 7 of 1980 
and 1981 found flow to be highly significantly different 
(P<O.OOl) with 1981 discharge more than twice as great as 
that of 1980 for this period. 
Movement 
Rate of Movement 
Calculations of rate of movement data were made from 
straight line distances measured between telemetry locations 
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Obviously, paddlefish do not move in a perfectly linear path. 
Therefore, these measurements underestimate the actual 
magnitude of movement and should be considered as an index of 
minimum distance moved per unit of time. 
Radio-tagged paddlefish were extremely mobile although 
great variability in rates of movement were observed. Movement 
data, expressed as meters per hour, were not normally 
distributed. Figure 3 presents rate of movement data and the 
characteristic skewed distribution for summer, 1980. 
Median distance moved per unit of time was used to summarize 
these data. 
Magnitude of movement was highly variable when comparisons 
were made over the entire study period. One-way analysis of 
variance (ANOVA) of log10 transformed movement rates (m/hour) 
showed a significant difference (P<O.OOl) between fish for all 
seasons combined. Analysis of movement within seasons 
indicated no significant difference between fish occurred 
during prespawn (P>0.54) or summer, 1981 (P>0.31 periods. 
Movement rates were significantly different during the spawning 
(P<0.003), postspawn (P<0.003) and summer, 1980 (P<O.OOl) 
periods. 
The time elasped between successive telemetry locations 
has an effect on the calculation of movement rates. As time 
between telemetry contacts increases, the estimation of 
-distance moved per unit of time tends to decrease (Figure 4). 
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The straight line distance between telemetry locations may 
greatly underestimate actual movement when elapsed time is 
substantial. 
Time elasped between telemetry contacts was an 
uncontrollable variable in this study. Due to the effect of 
elasped time on movement rate calculations, these data are 
presented for each seasonal period in two ways. Minimum 
distance moved (mjhour) was first calculated for all telemetry 
contacts in each period (Table 3). These calculations were 
then made for successive locations in which elasped time 
between locations was 0-36 hours or 37-260 hours (Table 4). 
Paddlefish exhibited greatest mobility during the spring 
spawning period. Overall median minimum distance moved for 
this period was 48.4 mjhour and the greatest range of movement 
occurred at this time. One downstream movement of great 
magnitude over a short period of time, discussed later under 
swimming speed, was not used in this calculation. Calculations 
using the shorter times between location may better represent 
the comparative magnitude of spawning period movement (Table 
4). Movement calculations for summer 1980 show a median of 
29.0 mjhour, although the median time between telemetry 
locations was lowest of all the periods. Median minimum 
movement rates for prespawn, postspawn and summer 1981 were 
11.5, 22.9, and 14.7 mjhour, respectively. 
A comparison of movement rates between the spring and 
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TABLE 3. Median minimum distance moved per hour in each of 
the seasonal periods 
Period Number Hours between Rate of movement 
of locations (m/hour) 
observations 
median median range 
Summer 248 23.1 29.0 0-1360 
1980 
Prespawn 38 24.2 11.5 0- 227 
1981 
Spawning 119 50.2 48.4 0-1519 
1981 
Postspawn 60 50.7 22.9 0- 681 
1981 
Summer 45 70.2 14.7 0- 371 
1981 
summer seasons of 1981 was' made. Sufficient data were 
collected for only four fish in 1981 to carry out a two-way 
analysis of variance (GLM) of movement rate differences between 
spring and summer seasons. For these fish, no significant 
difference in rate of movement between fish (P>0.52) was 
observed, but a significant difference between the spring and 
summer 1981 movement (P<0.05) was shown with no interaction 
effect (P>0.79). Movement rate was higher in the spring 
season. 
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TABLE 4. Median minimum distance moved per hour under two 
regimes of time elapsed between telemetry 
locations 
Period Hours between locations 
5 -34 40 - 241 
Rate of movement (m/hour) 
median range median range 
Summer 32 0-1360 6 0-308 
1980 
Prespawn 11 0- 227 21 0-183 
1981 
Spawning 159 0-1519 37 0-825 
1981 
Postspawn 11 0- 680 24 2-325 
1981 
Summer 13 1- 97 15 0-370 
1981 
The greatest sustained rate of movement in a short period 
of time was exhibited by a fish during the latter part of the 
spawning period. This fish moved 12,765 m downstream in 2.4 
hours. This movement of 5319 m/hour was the fastest swimming 
speed recorded in the study. Another downstream movement of 
5316 m in 3.5 hours, 1519 m/hour, was recorded for another fish 
during the spawning period. The fastest upstream movements 
41 
occurred in 1980. A fish moved 8022 m in 5.9 hours and another 
swam 1350 m upstream in 1.3 hours for rates of 1360 and 1038 
m/hour, respectively. These rates do not reflect short 
duration burst speed capabilities. 
Median minimum distance moved per hour was not 
significantly correlated with paddlefish body length in 1980 
(r=0.75, P>0.05). However, in 1981 a significant positive 
correlation (r=0.66, P<0.001) existed between magnitude of 
movement and body length. Females were larger than males and 
tended to be more mobile. 
Direction of Movement 
Direction of movement between telemetry locations was 
examined. Analysis of direction moved showed that fish moved 
upstream 31.8%, downstream 29.1%, and did not move greater than 
400 m 39.1% of the time between successive telemetry locations. 
There was a slight tendency for paddlefish to be located within 
400 m of the previous telemetry contact (X2=8.137, P<0.025, 
d.f.=2) when all data were combined. There was a significant 
difference in direction moved between the seasonal periods of 
1981 (X2=16.47, P<0.012, d.f.=6). During the prespawn period, 
paddlefish tended to move less than 400 m between successive 
telemetry locations (X2=12.5, P<0.001, d.f.=2). There were 
significantly different directional movements during the 
spawning period (X2=4.05, P<0.05, d.f.=2) with the direction of 
movement being 40.2% upstream, 34.4% downstream and only 25.4% 
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of the movements being less than 400 m between contacts. No 
significant difference in direction moved was observed during 
the postspawning period (X2=0.12, P>0.72, d.f.=2) or the summer 
period of 1981 (X2=0.35, P>0.55, d.f.=2). In summer of 1980, 
fish were located within 400 m of the previous telemetry 
location 45.8% of the time. This was significantly different 
from the frequency of upstream and downstream movements of 
27.9% and 26.3%, respectively (X2=17.34, P<0.001, d.f.=2). A 
significant difference in direction moved should indicate non-
random movement. 
To determine paddlefish response to flow, direction of 
movement during periods of several days of increasing, 
decreasing, or variable discharge were analyzed. Three periods 
of steadily increasing discharge, three periods of steadily 
decreasing discharge, and one period of fluctuating discharge 
were examined for variation in direction of movement. One 
peri,od of increasing flow from March 29 to Apri 1 13 showed a 
significant difference in direction of movement (X2=9.81, 
P<0.003, d.f.=1). During this time, 55.8% of the fish moved 
less than 400 m between successive locations. At this time, 
most of the radio-tagged fish were congregated below Lock and 
Dam 12. One other period of increasing flow from April 26 
through May 14, 1981 showed a significant difference in 
direction of movement (X2=9.81, P<0.003, d.f.=1). This was 
during the spawning period and 48.4% of the movements were 
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upstream. Movement appeared to be random in the five other 
flow periods examined in 1981 (P>0.09 in all instances). 
The distance between the farthest upstream and downstream 
locations gives an indication of the range of individual 
paddlefish in the Upper Mississippi River. In 1980, the mean 
linear range of six fish tracked through the summer was 26.7 km 
(SD=11.2) with a range of 11.8 to 36.4 km. The linear range of 
fish tracked in 1981 (excluding one fish tracked only during 
the prespawn period) varied from 6.4 to 106.4 km during the 
study period (mean=44.5, SD=32.7). Two tagged fish recaptured 
after the tracking study had moved farther downstream, 
increasing their linear ranges to 137.2 and 157.4 km. 
Interpool Movement 
In 1980, all tracking was confined to Pool 13 and no 
interpool movement was documented. The gates to Lock and Dam 
12 were never fully opened-during the 1980 study period. 
Interpool movements were documented in 1981. When Lock and Dam 
12 was first taken out of operation April 11 through 15, five 
of seven radio-tagged fish moved from Pool 13 into Pool 12. 
Prior to the full opening of the dam gates, these fish had been 
congregating in the tailwater area. After passing through the 
open dam, these five fish moved into the upper stretches of 
Pool 12 but did not pass into Pool 11. Lock and Dam 11, 
Dubuque, Iowa, was not taken out of operation during the 1981 
study period. In the last week of April, one fish left Pool 12 
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and returned to Pool 13, moving downstream when the gates were 
partially closed. 
Lock and Dam 12 was taken out of operation for the second 
time, on May 12 through 15 in 1981. At this time, two fish 
moved from Pool 13 into Pool 12. On May 13, 1981, another fish 
was found in Pool 12 although the date of movement through Lock 
and Dam 12 was not documented. Four fish subsequently returned 
to Pool 12. These fish moved downstream when the dam gates 
were in operation. Two examples of interpool movement are 
illustrated in Figure 5. 
Interpool movement upstream through two lock and dam 
structures was documented for one fish. This fish was located 
several times in the tailwaters of Lock and Dam 11 during June, 
1981. The fish could not be located during searches of Pool 12 
after June 30, 1981. However, telemetry contact was made 
during a search by airplane conducted on August 4, 1981. The 
fish was located in the tailwaters of Lock and Dam 10, 
Guttenberg, Iowa. This was the farthest upstream movement 
documented, a distance of 105 km upstream from the capture and 
release site. In the latter part of June 1981, an individual 
gate of Lock and Dam 11 was observed to be raised for 
maintenance operations which may have allowed passage through 
the dam. 
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Habitat Utilized 
The percentages of each of the five habitat types 
available to paddlefish in Pools 12 and 13 combined are: 0.9% 
tailwaters, 15.4% main channel, 20.5% main channel border, 8.9% 
side channel and 54.3% backwaters. Pool 13, the larger of the 
two pools, is characterized by a greater percentage of 
backwater habitat. Pool 13 is comprised of 0.4% tailwater, 
12.4% main channel, 19.6% main channel border, 5.7% side 
channel and 61.9% backwaters. Pool 12 has 1.7% tailwater, 
20.0% main channel, 22.2% main channel border, 13.8% side 
channel and 42.3% backwaters. These percentages of available 
habitat may vary slightly due to the dynamic nature of the 
river. Fluctuating river stage may increase or decrease the 
amount of backwater habitat available to paddlefish. 
The greatest number of telemetry locations of paddlefish 
were made in main channel border habitat (52.5% of all 
telemetry contacts). Tailwater areas were the second most 
utilized habitat (20.7%). The remaining percentages of habitat 
utilization were 15.7% backwaters, 7.2% main channel, and 3.9% 
side channel. 
During the spring 1981, main channel border was utilized 
in 42.6% of the locations. Tailwater habitat had 31.4% of the 
telemetry locations. Backwater, main channel border, and side 
channel habitats were used on 13.0, 7.6 and 5.4 of the 
telemetry locations (Figure 6). 
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Main channel border was the primary habitat in which 
monitored paddlefish were found in summer 1980 (68.1% of the 
locations). Paddlefish were found in backwater habitats on 
11.7% of the locations. Tailwater habitat and main channel 
habitat had 9.7 and 7.3 percent of the telemetry locations in 
summer 1980 and side channel habitat was used on 3.2% of the 
telemetry locations. 
Backwater habitat was used more extensively in summer 
1981. Over one half (51.1%) of the locations were made in this 
habitat. Tailwater habitats were second in use with 28.9% of 
the locations. Main channel border was used on 15.6% of the 
locations. Main channel habitat had 4.4% of the summer 1981 
locations. Tagged paddlefish were not found in side channel 
habitat in this seasonal period. Summer habitat use is 
compared for 1980 and 1981 in Figure 7. 
Paddlefish were not distributed evenly throughout the 
available habitats. Habitat types were not randomly selected 
in any of the five seasonal periods: prespawn, spawning and 
postspawn of spring 1981; summer 1980; or summer 1981 (X 2 , 
P<O.OOl). The proportional use of a habitat type in excess of 
the relative availability of that habitat signifies selection 
or preference for that habitat. This non-random selection for 
habitat types is illustrated with Ivlev's electivity index 
(Figure 8). 
Tailwater habitat was the most selected habitat in 
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FIGURE 8. Electivity index values for habitat preference in 
the five seasonal periods, 1980 and 1981, Pools 
12 and 13 
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relation to its availability. Main channel border was selected 
for in all periods except summer 1981. A slight selection for 
side channel habitat occurred in the spawning period. 
Backwaters were not selected in any period. This is due to the 
great amount of habitat classified as backwaters. However, 
more than 97% of all locations of fish in backwaters were made 
in one area known as Crooked Slough (mouth at MRM 550, Pool 
13). No telemetry contacts were made in the lake-like expanses 
of the lower pool sections also classified as backwater. 
Water depth and current velocity at telemetry location 
sites were related to habitat types utilized. The water depth 
and maximum current velocity at telemetry location sites are 
presented in Table 5. Greatest depths utilized by paddlefish 
were located in tailwater scour holes. Mean depth at tailwater 
location sites was 14.8 m with average current velocity of 31.7 
cm/second. Turbulence is great in the tailwater areas and 
current velocities varied greatly when measured in the same 
general area. The swiftest currents at location sites occurred 
in the main channel. Mean current velocity measured was 63.6 
cm/second with mean depth of 7.8 m. Main channel border 
locations were similar in depth (6.7 m) to the main channel but 
current velocities were less (29.8 cm/second). The mean 
current velocity in side channel habitat (36.3 cm/second) was 
greater than that of the main channel border, although a much 
smaller sample in the side channel habitat was obtained. 
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Backwater location sites were the most shallow, averaging 2.25 
m. The current velocity was considerably slower in this 
habitat with a mean of 6.4 cm/second. At several location 
sites in backwaters, current velocity was undetectable. 
TABLE 5. Mean water depth and current velocity at telemetry 
location sites within the five habitat types 
Habitat type Water depth (m) Current velocity 
(cm/second) 
mean sd mean sd 
Tailwaters 14.8 5.1 31.7 16.5 
Main channel 7.8 2.2 63.6 18.9 
Main channel border 6.7 2.6 29.8 19.0 
Side channel 4.7 1.4 36.3 21. 8 
Backwaters 2.2 0.7 6.4 8.8 
On some occasions, the depth of radio-tagged fish could be 
determined from depth recorder printout. In several instances 
more than one large fish was visable in a school on the graph 
recorder. In these cases, the average depth of the group was 
used to estimate depth of the tagged fish. The average 
position in the water column at which paddlefish were found 
(fish depth/water depth) was 0.65 (S.D.=0.18, N=77). Only one 
instance of a fish resting directly on the bottom was observed. 
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Paddlefish near the surface or in very shallow water could not 
be observed on the depth recorder. 
Structure Association 
Paddlefish were found to associate with man-made 
structures in the river. These structures were: locks and 
dams, wing dams, rock piles (constructed for navigation 
lights), bridge supports, and revetments or rip-rap. The 
percentage of the total number of locations in which 
association with structures was observed was 40.4%. On more 
than half of these occasions (51.7%), fish were within 100 m of 
the structure. Often paddlefish were located directly 
downstream of a structure in a scour hole or eddy created by 
the structure. The percentage of the total number of locations 
in which structure association was observed and the breakdown 
of association by structure type is presented in Figure 9, by 
season. The frequency and percentage of total locations in 
which structure association occurred is shown in Table 6, by 
season. 
Seasonal differences in structure associations were 
exhibited. During summer 1980, paddlefish were found to 
utilize main channel border habitat extensively. Wingdams are 
an integral part of this habitat. Paddlefish were located 
within 400 m of wingdams on 18.2% of the telemetry contacts in 
summer, 1980. The scour holes at the base and tip of wingdams 
SP
RI
NG
 8
1 
SU
M
M
ER
 8
1 
SU
M
M
ER
 8
0 
PE
R
CE
NT
 O
F 
'~~
 ',
I.~.,j
If I~
 '.5
 "~
""'I'
i: ::
t,;
'" 
,
 
.
 
&. 
~ .. ~
'~ 
:'I' .
. 
'~,,
\~.:
-,. 
TO
TA
L 
LO
CA
TI
ON
S r
l -
--
--
--
--
-4
--
--
--
--
--
-~
--
--
--
--
--
~ 
LO
CK
&D
AM
 
W
IN
G 
DA
M
 
RO
CK
 P
IL
E 
BR
ID
GE
 S
UP
PO
RT
 
R
IP
-R
A
P 
PE
R
C
EN
T 
A
SS
O
CI
A 
TI
O
N 
W
IT
H
 M
A
N
-M
A
D
E 
ST
RU
CT
UR
ES
 
FI
G
U
RE
 
9.
 
P
er
ce
n
ta
g
e 
o
f 
th
e 
to
ta
l 
n
u
m
be
r 
o
f 
te
le
m
et
ry
 
lo
ca
ti
o
n
s 
in
 w
hi
ch
 a
s
s
o
c
ia
ti
o
n
 w
it
h
 m
a
n
-m
a
de
 
s
tr
u
c
tu
re
s
 
w
a
s
 
o
bs
er
ve
d,
 
a
n
d 
th
e 
p
er
ce
n
ta
g
es
 o
f 
th
a
t 
a
s
s
o
c
ia
ti
o
n
 b
y 
s
p
e
c
if
ic
 s
tr
u
c
tu
re
 
ty
p
e 
IJ1
 
~
 
55 
TABLE 6. Association with man-made structures in Pools 12 
and 13, 1980 and 1981 
Structure type Number and percent of locations 
Summer Spring Summer 
1980 1981 1981 
freq. % freq. % freq. % 
No association 188 74.6 96 42.9 28 62.2 
Lock and dam 2 0.8 69 30.8 11 24.4 
Wing dam 46 18.2 37 16.5 2 4.4 
Rock pile 8 3.2 10 4.5 4 8.9 
Bridge support 2 0.8 2 0.9 0 0 
Rivetment 6 2.4 10 4.5 0 0 
were often utilized. Association with wingdams occurred on 
16.5 and 4.4 percent of t~e telemetry locations during spring 
and summer, 1981, respectively. Lock and dam structures were 
important in the spring and summer, 1981 but were rarely 
associated with in summer 1980. Rock pile structures created 
large scour holes in the main channel border. This structure 
was associated with in all seasons. Paddlefish were frequently 
located below one rock pile in particular near MRM 549. Bridge 
supports and rock revetment were occasionally associated with. 
Wingdams significantly affect the current velocity and 
patterns in the main channel border. Current velocities in 
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this habitat type were compared for telemetry contacts where 
there was ass~ciation, and no association with wingdam 
structures. Mean current velocity with no association was 31.2 
cm/second. With association mean current velocity was 23.2 
cm/second. There was significantly less current at the 
telemetry contact sites when association with wingdams was 
observed (P<0.032). 
Spawning Activity 
On April II, 1981, six of seven paddlefish tagged in 1981 
were located in the tailwater of Lock and Dam 12. The roller 
and tainter gates of the dam were raised completely out of the 
water at approximately 10 o'clock on this day due to high 
water. The tailwater stage had risen from 1.41 m on March 11 
to 3.49 m on April II, 1981. Water temperature had also been 
rising from 10 C on March 25 to 13 C on April II, 1981. 
The darn was not put back into operation until ·about three 
o'clock p.m. on April IS, 1981. During this open period, the 
river flowed through Lock and Darn 12 at an estimated velocity 
of 156-179 cm/second (personal communication, Hydraulics 
Branch, U.S. Army Corps of Engineers, Rock Island District). 
The current velocity through a roller gate in the center of the 
darn when the gate is open 1.5 to 1.8 m was estimated at 
approximately 715 cm/second. 
Five of the six paddlefish located below the darn on April 
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II, 1981, moved into Pool 12 during the period of open gates. 
These fish, three females and two males, traveled to the upper 
portion of Pool 12. The three females were located in the 
vicinity of a gravel shoal created by outwash from Catfish 
Creek near MRM 577.5. On April 17, 1981, two of the females 
were located directly over this gravel shoal. The depth in 
this area was approximately 3 m with current velocity of about 
80 cm/second. The water temperature on this day was 14 C. 
Tailwater stage at Lock and Dam 12 was 2.96 m and mean 
discharge was 1875 m3 /second. 
No attempt was made to collect eggs or larvae in the area 
at this time. Substrate samples were collected at a later date 
with a Peterson dredge. The substrate consisted primarily of 
pebble size material (57.62% by weight, Table 7). 
No other aggregations of paddlefish in similar sites were 
observed. No surface activity suggestive of the spawning act 
was observed for any paddlefish. Turbidity prevented any 
visual observation of paddlefish below the water surface. 
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TABLE 7. Wentworth classification of substrate samples 
collected below Catfish Creek (MRM 577.5), at a 
suspected spawning site 
Classification Size (mm) Sample weight (g) Percent weight 
Sand and silt <2 541 12.27 
Granule 2<4 111 2.57 
Pebble 4<64 2541 57.62 
Cobble 64<256 1217 27.67 
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DISCUSSION 
Effect of Transmitter Implantation 
In July, 1981, two paddlefish previously implanted with 
radio transmitters were captured by a commercial fisherman. 
These fish were both recaptured in Crooked Slough, the site of 
initial capture. One fish was at large for approximately 54 
weeks. The fish was in good condition and body length had 
increased 4 cm. Dissection revealed that the transmitter was 
located between the liver and the pyloric caecum. The body 
wall in this location was slightly reddened, indicating some 
irritation. The intestine and surrounding fatty tissues had 
grown to the body wall near the site of the surgical incision. 
Externally, the incision was almost invisible but a ring of 
dark scar tissue was evident, encircling the protruding 
transmitter antenna. Internally, tissue had grown to encircle 
about 3 cm of the antenna from the body wall at the incision 
site. 
The second fish was recaptured after approximately 9 weeks 
at large. This fish was in good condition although the caudal 
fin was slightly eroded at the margin. The fin may have become 
dry during the surgical operation. The incision had healed but 
the area surrounding the antenna was red and not completely 
healed. Internally, the transmitter was lodged over the 
intestine and under fatty tissues below the testes. No 
60 
reddened or irritated tissues were evident. The intestine was 
grown to the body wall for several millimeters at the incision 
site. 
Examination of these two fish provided evidence that the 
transmitter implant did not cause significant physical 
problems. The exit site of the transmitting antenna did not 
heal rapidly, presumably due to motion of the antenna wire in 
the water. A completely internal transmitting unit would 
eliminate this but could result in reduced transmitting range. 
The size of the radio transmitters used was well below the 
generally accepted limits. Ross and McCormick (1981) suggest 
that the transmitter weight in water should not exceed 1.5% of 
the body weight of the fish. The transmitter weight in water 
used ranged from 0.2 to 0.6 percent of paddlefish body weight. 
Mortalities 
The effects of transmitter implantation on survival of 
fish have been variable. Dombeck (1979) found a decrease in 
survival of northern pike, Esox lucius, which were implanted 
with dummy transmitters. Wrenn and Hackney (1979) determined 
that there was no significant difference in growth and survival 
between transmitter implanted and control sauger, Stizostedion 
canadense. In most field studies, the mortality rate of fish 
fitted or implanted with transmitters can not be determined. 
No delayed mortalities were documented in 1980 for the 
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seven paddlefish tagged in that period. Contact was lost with 
one fish but mortality was not determined. Mortalities due to 
unknown causes were documented for three fish implanted in 
1981. These fish were recovered dead 8, 10 and 32 weeks after 
surgical implantation. The cause of mortality could not be 
determined but could have been related to transmitter 
implantation. 
Contact was lost with two fish tagged in 1981. These fish 
could not be found after 9 and 17 days, respectively. The loss 
of contact with radio-tagged paddlefish could have been due to 
transmitter failure, extensive rapid movement out of the study 
area, capture by a fisherman, or mortality with the dead fish 
floating out of the study area. The most likely reason was 
transmitter failure. 
Eventually, a total of five of the study fish were 
recaptured by fisherman. Four of these were caught by 
commercial fishermen and one was snagged by a sport fisherman. 
This snagged fish was captured in the tailwater of Lock and Dam 
12, 22 months after initial tagging. The capture of these fish 
after extended periods at large provides evidence that the 
transmitter implant did not affect survival in these 
individuals. It is also interesting that nearly 30% of the 
fish tagged in the study were recaptured by fishermen within 
two years. 
One transmitter was found stationary in a barge fleeting 
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area in Pool 12. The paddlefish implanted with this 
transmitter had been located in the fleeting area prior to 
this. It is probable that the fish was struck by the propel lor 
of a tow boat operating in the area. No other evidence of fish 
losing transmitters was found. On several occasions during the 
study, paddlefish were found which had been mutilated. Some of 
these fish were cleanly severed by a large blade, probably a 
boat propellor. In one instance, a paddlefish with a broken 
rostrum and tail section amputated at the anus was captured 
moments after a tow passed. The fish was alive and had 
obviously been struck by the propellor of the tow. 
The fact that paddlefish are normally found in the upper 
water column and that they also utilize the main channel makes 
them vulnerable to large boat propellors. Rosen and Hales 
. (1980) describe the swimming behavior of frightened paddlefish. 
The morphology of the fish may cause it to rise toward the 
water surface when rapidly swimming to escape a disturbance. 
The number of tows passing through Lock and Dam 13 averages 
over 1,500 annually (U.S. Army Corps of Engineers 1980a). With 
this volume of traffic the potential for collision with 
paddlefish is substantial. 
Movement 
The calculation of movement rates from telemetry data is 
greatly influenced by the time lapse between successive 
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locations of the animal. The large study area and the mobility 
of paddlefish did not allow predetermination of elapsed time 
between contacts. Usually, large amounts of time were needed 
to search the study area and daily contact could not always be 
made. In 1980, radio-tagged paddlefish did not leave Pool 13 
and were usually located in the upper 32 km of the pool. This 
allowed more frequent contact with the fish. In 1981, tagged 
fish were distributed through three pools and contacts were 
less frequent. The results of movement rate calculations 
reflect this. Comparison of distance moved per hour would be 
more meaningful if the time between telemetry contacts was a 
constant. The comparison of data where time between locations 
was less than 36 hours helps to reduce the effect of variable 
time between locations. 
Minimum distance moved per hour was highly variable during 
the entire study period. Paddlefish have been documented to be 
very mobile animals, capable of moving as much as as 2,000 km 
(Rosen et al. 1982). Recaptures of tagged paddlefish in the 
Yellowstone River, Montana, showed downstream movements of more 
than 10 km per day and upstream travel of approximately 3.8 km 
per day (Robinson 1966). Paddlefish were also extremely mobile 
in the Upper Mississippi River, moving as far as 12.8 km in 
approximately 2.5 hours. In other instances, fish were found 
in the same vicinity for several days before moving any 
substantial distance. 
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In the prespawn period, radio-tagged paddlefish exhibited 
similar movement rates. Most of the fish were congregated 
below Lock and Dam 12 and did not move extensively. 
Occasionally, fish moved downstream from the tailwater and then 
returned. The water temperatures and discharge during this 
period were similar to conditions which stimulate paddlefish to 
move upstream in other riverine systems (Purkett 1963b, Elzer 
1977, Pasch et al. 1978). The Lock and Dam apparently was a 
barrier to further upstream movement at this time. 
Paddlefish mobility increased greatly during the spawning 
period. The barrier at Lock and Dam 12 was removed for several 
days during this period and radio tagged fish could move 
throughout two pools. Lock and Dam 11 was a barrier to further 
upstream movement into upper pools. Spawning period movements 
would probably have been even more extensive if no barriers 
were encountered. Paddlefish were most active during the 
spawning period and the longest excursions occurred at this 
time. 
Movement rates were reduced in the postspawn and summer 
periods. Extensive movements did occur sporadically, most 
notably in summer 1980. However, most movements in these 
periods were short in extent and paddlefish often remained in 
relatively small areas for extended periods. Occasionally, an 
excursion was made from an area and then the fish would return 
to this previously occupied site. 
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It appears that, although these fish are capable of 
traveling great distances, when suitable habitat conditions are 
located, paddlefish will remain in these areas. Paddlefish 
moved extensively in the spawning period presumably to locate 
suitable spawning substrate which was not abundant in the study 
area. Postspawn and summer movements were reduced because 
suitable feeding habitat was more abundant in Pool 13. 
The importance of discharge and river stage as a stimulus 
to upstream migration in paddlefish has been recognized 
(Purkett 1963b, Elzer 1977, Pasch et al. 1978). Paddlefish 
moved into and congregated in the tailwater of Lock and Dam 12 
when discharge was increasing during the prespawn period. 
Further upstream movement was blocked by the lock and dam. As 
discharge increased and the dam gates were opened, paddlefish 
responded with upstream movement. Three fish responded to a 
second rise in stage, and moved upstream in the spawning 
period. During other periods of increasing or decreasing stage 
paddlefish did not respond by upstream or downstream movement. 
The combination of· photoperiod, temperature(10-15 C) and 
considerable increase in discharge appears necessary to 
stimulate upstream migration. 
Spawning 
The five paddlefish which moved through Lock and Dam 12 
traveled directly to the upper stretch of Pool 12. In the 
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afternoon of April 17, 1981, two of the females were located 
together over the gravel shoal below Catfish Creek. This area 
was very similar to the spawning site described by Purkett 
(1961). The current was the swiftest recorded for a location 
in the main channel border. This was not the type of area 
where paddlefish were usually found. 
The substrate in the area was mostly pebble and cobble 
size material (4-256 mm). This type of substrate is not 
abundant in Pools 12 or 13 (Boland 1980). Streambank erosion 
in tributaries is the major source of course materials 
deposited in the Upper Mississippi River (Jackson et al. 1981). 
Most of the tributaries in the study area enter into the slow 
moving backwaters or transport heavy silt loads. The shallow 
gravel bars and rapids which were once abundant in the river 
are now inundated or silted over (Carlander 1954). 
The gravel shoal below Catfish Creek is a unique site 
within the study area. The swift current and coarse substrate 
of this site provide the type of physical requirements 
necessary for paddlefish spawning. It is probable that this 
location is one of the few remaining sites utilized by spawning 
paddlefish in Pools 12 and 13. 
Effect of Locks and Dams 
Dams in lotic systems may affect fish by blocking 
migration, delaying migration, altering flow regimes or 
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changing spawning habitat (McGrath 1960, Runnstrom 1960, 
Collins 1976). Locks and Darns on the Upper Mississippi River 
have produced all of these effects. Paddlefish have been 
impacted by the locks and darns in several ways. 
Coker (1929) identified the Keokuk Darn as an effective 
barrier to upstream paddlefish movement. Experiments conducted 
at this darn showed that paddlefish could pass downstream 
through the darn without injury. Coker (1929) also determined 
that very few fish use the lock as a passageway. It was 
suggested that the lack of current at the lock entrance did not 
attract migrating fish. 
Purkett (1963b) reported recaptures of tagged paddlefish 
which had moved downstream over Bagnell Darn. This may occur 
periodically when high flows spillover the floodgates of the 
darn. 
Interpool movement of fishes in the Upper Mississippi 
River has previously been documented. Channel catfish, 
Ictalurus punctatus, moved through locks and darns in a mark and 
recapture study (Hubley 1963). Thirty fish traveled upstream 
and 90 fish moved downstream through the lock and darn 
structures. Hubley and Jergens (1959) recaptured walleyes 
which had moved downstream through Lock and Darn 8. Walleyes 
equipped with radio transmitters were tracked into the lock 
chamber of Lock and Darn 7 but were not followed out (Bahr 
1977). Two walleyes in this study moved upstream through Lock 
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and Darn 7 although it was not determined if fish passed through 
the lock or dam gates. Helms (1974) documented upstream 
interpool movement of shovelnose sturgeon, Scaphirhynchus 
platorynchus during a high water year when some dam gates were 
open. Gengerke (1978) found that 18 of 389 recaptured 
paddlefish had exhibited interpool movement. Twenty-two 
percent of these moved upstream and 78% traveled downstream 
through the lock and darn structures. One paddlefish moved 
upstream through four lock and darn structures. 
There is no doubt that the locks and dams are not complete 
barriers to paddlefish movement. However, radio-tagged 
paddlefish did not move upstream through Lock and Dam 12 until 
the darn gates were completely open. Movement through the lock 
was unlikely because the fish generally congregated in mid-
river, upstream from the lock chamber opening. If the gates 
had not been fully opened, these fish would have had to search 
for spawning sites in Pool 13. Paddlefish were able to move 
downstream through partially closed darn gates without apparent 
injury. It is unlikely that downstream passage through locks 
occurred. 
One fish was repeatedly located in the tailwater of Lock 
and Darn 11 prior to moving upstream to the tailwater of Lock 
and Darn 10. On the day that this fish could no longer be 
located in Pool 12, one of the gates of Lock and Darn 11 was 
completely open. The gates of the darn are periodically raised 
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to grease operating chains (personal communication, Wayne 
Currier, Lock Master, Lock and Darn 11, Dubuque, Iowa). During 
this operation, bulkheads are placed upstream about 5 m from 
the gate. In one instance, a large catfish was found inside a 
bulkhead section when it was removed. It is possible that 
paddlefish may be able to move upstream through the darns during 
this type of operation. 
Paddlefish are able to move downstream, and at certain 
times, upstream through the locks and darns. Upstream movement 
through the darns may be essential for successful paddlefish 
spawning in sections of the Upper Mississippi River. If the 
darn gates are not fully opened in the spring when proper 
temperatures and flow conditions occur, then access to suitable 
spawning areas may be denied. 
Habitat 
Paddlefish utilized all of the five.defined habitat types 
available in the Upper Mississippi River. Habitat preference 
changed with different seasons and river conditions. Main 
channel border, tailwaters and backwaters were the most 
frequented habitats. Main channel was used primarily by fish 
moving to other habitats and side channel habitat was 
infrequently used by some individuals. In early spring during 
the prespawn period, paddlefish were congregated below Lock and 
Darn 12. The use of tailwater habitat at this time was 
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primarily due to the barrier to upstream movement. When the 
barrier was removed radio-tagged fish left the tailwater 
habitat. 
Tailwater habitat was used in other periods also. 
Paddlefish found in tailwaters after the prespawn period may 
also have been trying to move upstream. This appeared to be 
the case for the fish which moved from the tailwater of Lock 
and Dam 12 to the tailwater of Lock and Dam 11 and finally to 
the tailwater of Lock and Dam 10. Tailwater habitat may be a 
good area for feeding paddlefish. Coker (1929) noted that the 
abundance of some fishes below Keokuk Dam was related to the 
presence of food. The narrow constriction of the river at locks 
and dams may serve to funnel in and concentrate zooplankton 
from the slow moving lake-like area above. High densities of 
zooplankton have been documented above and in tailwaters of 
large rivers (Coker 1929, Cowell 1967). The turbulent current 
patterns below the dams may allow paddlefish to maintain their 
position in the water column, filtering zooplankton without 
moving substantially. 
Main channel border was the most utilized habitat in the 
spawning period. The fish were moving extensively through all 
habitat types but over half of the locations were made in main 
channel border. Presumably, fish were searching for potential 
spawning sites at this time and the main channel border was the 
most likely habitat to provide the necessary conditions. 
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In the postspawn period, paddlefish were located almost 
evenly in tailwaters, main channel border and backwaters. A 
notable shift to greater use of backwater area occurred in this 
period. At this time, fish may have been searching for feeding 
areas, which backwaters could provide. Stockard (1907) 
captured spawned out paddlefish moving from the main river into 
backwater lakes. Purkett (1963b) also reported that spent 
paddlefish moved downstream back into the Lake of the Ozarks 
immediately after spawning. The more stable flow conditions in 
the Upper Mississippi River may allow paddlefish to dispurse 
more leisurely after spawning. 
Paddlefish continued the shift to backwater habitat in 
summer 1981. More than half of the telemetry locations were 
made in backwaters. Backwater areas have been recognized as 
prime paddlefish habitat (Wagner 1908, Alexander 1915) 
especially during summer months (Marcoux 1966, Rosen et al. 
1982). Backwater areas are usually rich in zooplankton and 
invertebrates. Kofoid (1903) found backwater areas of the 
Illinois River to contain more than three times the density of 
zooplankton than the main river. The abundant food supply and 
reduced flow in the backwaters appear to provide favorable 
conditions for paddlefish. 
In summer 1980, paddlefish did not extensively utilize 
backwater areas. All of the fish tagged in 1980 were captured 
in the Crooked Slough backwater area. However, these fish 
72 
selected main channel border habitat during the summer period. 
Only about 12% of the telemetry contacts were made in backwater 
habitat. 
At the time that these fish were captured, river stage was 
dropping and paddlefish appeared to be moving out of the 
backwater area. Discharge was significantly lower and 
temperatures were significantly higher in 1980 when compared to 
1981. The backwater areas were more shallow with temperatures 
as high as 30 C in 1980. Some areas in Crooked Slough 
developed thick beds of filamentous algae. These conditions 
made the backwater areas less desirable to paddlefish and 
subsequently the main channel border habitat was utilized. 
In the entire study, over 97% of the backwater habitat 
locations were made in Crooked Slough. This area was important 
to paddlefish. No contacts were made with fish in the wide 
backwater areas of the low~r pools. Fish may have traveled 
through these areas but paddlefish did not utilize them to any 
noticeable extent. 
The influence of Crooked Slough on the river was also 
noted. In summer 1980, a substantial number of paddlefish 
locations were made in the main channel border directly across 
from or below the junction of Crooked Slough and the main 
river. A significant amount of invertebrate drift flows from 
backwater nursery areas into the main channel of the Upper 
Mississippi River (personal communication, James Eckblad, 
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Luther College, Iowa). The main channel border receiving this 
drift was a good feeding area. 
Paddlefish did exhibit homing or site recognition (Hart 
and Summerfelt 1973) by returning to capture sites and specific 
sites previously used. Homing occurred with two fish which 
were captured and implanted in Crooked Slough and then 
recaptured in the same area after 54 and 9 weeks at large. 
Recognition of very specific sites was also observed. 
Sometimes a fish would be located in a scour hole (below a rock 
pile or at the tip of a wingdam) on several occasions. Fish 
would make excursions from the scour hole and then return to 
the site. Some of these sites may have been preferred areas 
within a home range. 
Paddlefish were found near various man-made structures on 
several occasions. All of the structures altered local current 
patterns to some degree. Areas of slack or reduced flow were 
created downstream from these objects. The lock and dam 
structures create great turbulence and large eddy currents 
develop to produce swift and slack water in close proximity. 
The same effect is created to a lesser extent by bridge 
supports, rock piles and revetment. Wingdams were constructed 
as current training structures and they greatly alter flow in 
the main channel border. 
Bridge supports, rock piles and revetment create small 
pockets of slack water. Paddlefish found in these areas often 
74 
remained in the location for several hours or were located in 
the same spot on several successive telemetry contacts. The 
scour holes at the base and tip of some wingdams were also used 
in a similar manner. Paddlefish using these spots were able to 
escape stronger current and conserve energy. 
Paddlefish utilized large areas in the main channel border 
where current velocities were reduced due to wingdams. In 
summer 1980, when main channel border habitat was used 
extensively, paddlefish were found more frequently in stretches 
of the river where several wingdams were located in a series. 
Even when these fish were more than 400 m from a wingdam the 
current was affected to some extent by the structures. Rosen 
et al. (1982) observed paddlefish using areas of reduced 
current below sandbars in the Missouri River. Areas where 
paddlefish can feed and escape main channel current are 
important and wingdams provide this refuge. 
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CONCLUSIONS 
Paddlefish in the Upper Mississippi River travel within 
and between the navigation pools. Because of this interpool 
mobility and potential for extensive movement, paddlefish can 
not be managed on a pool stock concept. Management of 
paddlefish must be conducted on a broader scale, ideally on an 
Upper Mississippi River regional basis. 
Paddlefish are most mobile in the spring. Spawning adults 
are capable of extensive upstream movements. Summer activity 
is generally reduced, although occasional long distance 
movements do occur. 
Paddlefish were often found in areas of reduced current. 
Wingdams provide areas of reduced current which paddlefish 
utilize. These structures may simulate sandbars or other 
natural instream formations which existed in the river prior to 
impoundment. 
Backwater areas are important habitat for paddlefish 
especially in the summer months. Even when not directly 
utilized, the invertebrate drift provided by backwaters is 
important to paddlefish. Current reduction and siltation in 
backwaters will reduce available paddlefish habitat. 
The navigation dams are at least partial barriers to 
paddlefish. These barriers delay upstream migration. If not 
fully opened during high water periods, the dam gates may 
prevent successful spawning in some areas of the Upper 
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Mississippi River. 
The gravel shoal below the mouth of Catfish Creek may be 
one of the few sites which provide spawning in Pools 12 and 13. 
Collection of paddlefish eggs at this location during spawning 
time would provide positive proof. Other areas with similar 
physical habitat should be identified. Protection of these 
sites from further perturbation should be a goal for paddlefish 
management. 
Barge traffic does contribute to mortality in the 
paddlefish population. Increased commercial shipping on the 
Upper Mississippi River will result in more tow-paddlefish 
collisions. 
The transmitter implant worked well in these paddlefish. 
The radio tracking system provided adequate range and precision 
of location for the study objectives. More frequent aerial 
tracking of radio-tagged fish could eliminate extensive 
searching by boat. 
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TABLE A.1. Statistics for individual fish tracked 
fish 
number 
10 
30 
40 
50 
60 
80 
90 
11 
21 
31 
41 
51 
61 
71 
81 
91 
101 
eye to fork 
length 
(EFL) 
(cm) 
75 
68 
71 
82 
71 
86 
78 
83 
83 
75 
90 
80 
96 
79 
94 
88 
80 
fork 
length 
(FL) 
(cm) 
106 
94 
100 
112 
99 
118 
110 
110 
110 
104 
124 
106 
136 
105 
127 
116 
106 
~ 
release 
date 
6-20-80 
6-21-80 
6-22-80 
6-21-80 
6-21-80 
6-22-80 
6-22-80 
3-30-81 
3-25-81 
3-27-81 
4-20-81 
4-23-81 
4-09-81 
4-23-81 
3-27-81 
3-30-81 
4-23-81 
date number 
of of 
last locations 
contact 
6-12-81 38 
9-20-80 60 
9-20-80 12 
5-22-81 69 
9-20-80 36 
7-29-80 92 
6-26-80 6 
7-20-81 25 
6-05-81 25 
4-11-81 9 
4-25-81 7 
5-9-81 7 
4-17-81 6 
7-01-81 29 
7-24-81 48 
8-04-81 23 
7-01-81 26 
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TABLE B.1. Water temperature, tailwater stage and average 
daily discharge, 1980 
Month and day 
June 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
July 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Water temperature 
(C) 
26 
27 
27-
26 
27 
27 
26 
27 
29 
29 
27 
29 
Stage 
(m) 
2.36 
2.26 
2.17 
2.07 
1.93 
1.85 
1.80 
1. 79 
1. 78 
1. 72 
1. 58 
1.43 
1.39 
1. 43 
1. 72 
1. 73 
1. 61 
1. 34 
1.13 
1.03 
Discharge 
(m 3 /second) 
1725 
1572 
1467 
1342 
1240 
1164 
1138 
1141 
1147 
1070 
943 
827 
595 
932 
1138 
1076 
895 
677 
518 
470 
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TABLE B.1. Continued 
Month and day 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Water temperature 
(C) 
29 
29 
29 
30 
30 
30 
30 
30 
30 
30 
29 
29-
29 
29 
28 
27 
27 
27 
27 
28 
28 
Stage 
(m) 
1.09 
1.24 
1.36 
1.33 
1.24 
1.21 
1.20 
1.17 
1.04 
1.14 
1.45 
1.49 
1. 47 
1.29 
1.07 
1.05 
1.10 
1.12 
1. 31 
1.34 
1.16 
Discharge 
(m 3 /second) 
561 
716 
801 
731 
666 
646 
640 
552 
439 
564 
827 
881 
835 
654 
484 
490 
564 
626 
782 
671 
581 
89 
TABLE B.1. Continued 
Month and day 
August 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Water temperature 
(C) 
28 
28 
28 
29 
29 
29 
28 
27 
26· 
26 
26 
23 
24 
25 
Stage 
(m) 
1.11 
1.02 
1.06 
1.22 
1.17 
1.14 
1.12 
1.08 
1.41 
1. 76 
2.19 
2.26 
2.39 
2.54 
2.58 
2.59 
2.51 
2.43 
2.06 
1. 62 
1. 71 
Discharge 
(m 3 jsecond) 
484 
450 
595 
583 
575 
566 
538 
578 
912 
1252 
1594 
1674 
1784 
1863 
1846 
1827 
1781 
1671 
1170 
969 
1212 
90 
TABLE B.1. Continued 
Month and day 
22 
23 
24 
25 
26 
Water temperature 
(C) 
26 
Stage 
(m) 
2.09 
2.26 
2.12 
1.82 
1. 51 
Discharge 
(m 3 /second) 
1552 
1586 
1385 
1093 
920 
91 
TABLE B.2. Water temperature, tailwater stage and average 
daily discharge, 1981 
Month and day 
March 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Water temperature 
(C) 
Stage 
(m) 
2.81 
2.77 
2.65 
2.50 
2.46 
2.30 
2.17 
1.87 
1. 63 
1.42 
1.41 
1. 62 
1. 78 
1. 79 
1. 77 
1.87 
1.89 
1.89 
1.85 
1. 75 
Discharge 
(m 3 /second) 
2084 
2022 
1889 
1764 
1711 
1575 
1379 
1104 
889 
784 
841 
1014 
1096 
1087 
1133 
1181 
1184 
1189 
1116 
1017 
92 
TABLE B.2. Continued 
Month and day 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
April 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Water temperature 
(C) 
10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
11 
12 
13 
12 
13 
13 
Stage 
(m) 
1. 58 
1.51 
1.47 
1.45 
1.54 
1. 54 
1.56 
1.51 
1.46 
1.42 
1.58 
1.52 
1.80 
1.91 
2.33 
2.57 
2.81 
2.98 
3.07 
3.11 
3.21 
Discharge 
(m 3 /second) 
895 
861 
824 
833 
872 
903 
900 
816 
771 
816 
884 
1005 
1136 
1235 
1660 
1844 
2073 
2328 
2410 
2447 
2580 
93 
TABLE B.2. Continued 
Month and day 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
May 1 
Water temperature 
(C) 
14 
14 
14 
14 
14 
13 
14 
13 
14 
13 
13 
14-
14 
13 
13 
14 
14 
14 
15 
15 
15 
Stage 
(m) 
3.49 
3.55 
3.63 
3.64 
3.54 
3.29 
2.96 
2.68 
2.56 
2.44 
2.45 
2.38 
2.36 
2.33 
2.32 
2.29 
2.30 
2.36 
2.44 
2.52 
2.57 
Discharge 
(m 3 /second) 
2821 
2934 
2991 
2985 
2826 
2569 
1875 
1849 
1798 
1739 
1699 
1657 
1657 
1637 
1577 
1597 
1603 
1688 
1739 
1807 
1818 
94 
TABLE B.2. Continued 
Month and day 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Water temperature 
(C) 
14 
15 
16 
15 
15 
16 
16 
15 
15 
14 
15 
15· 
15 
15 
15 
16 
16 
16 
17 
18 
19 
Stage 
(m) 
2.64 
2.68 
2.80 
2.85 
2.76 
2.71 
2.73 
2.88 
3.05 
3.33 
3.55 
3.60 
3.63 
3.57 
3.33 
3.03 
2.71 
2.46 
2.09 
1. 91 
1. 76 
Discharge 
(m 3 /second) 
1849 
1895 
1951 
1943 
1912 
1923 
2022 
2195 
2467 
2713 
2891 
2965 
2991 
2894 
2631 
2331 
1841 
1719 
1359 
1235 
1003 
95 
TABLE B.2. Continued 
Month and day 
23 
24 
25 
26 
27 
28 
29 
30 
31 
June 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Water temperature 
(C) 
18 
19 
19 
20 
21 
22 
22 
22 
22 
22 
23 
23-
23 
24 
24 
24 
25 
24 
23 
23 
24 
Stage 
(rn) 
1. 62 
1. 78 
2.02 
1.99 
1.81 
1.58 
1.40 
1.36 
1. 62 
1.83 
1.88 
1.90 
1.81 
1.58 
1. 40 
1.36 
1.42 
1.48 
1.49 
1.54 
1.50 
Discharge 
(rn 3 /second) 
946 
1198 
1317 
1252 
1090 
881 
765 
835 
1104 
1206 
1243 
1246 
1164 
810 
850 
818 
844 
903 
906 
937 
918 
96 
TABLE B.2. Continued 
Month and day 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
July 1 
2 
3 
Water temperature 
(C) 
24 
24 
24 
23 
23 
24 
24 
23 
23 
22 
23 
23" 
23 
23 
24 
24 
24 
24 
24 
25 
25 
Stage 
(m) 
1. 68 
1.84 
1.97 
2.45 
2.33 
2.00 
2.08 
2.19 
2.28 
2.66 
2.90 
2.95 
3.09 
3.12 
3.09 
3.08 
3.03 
3.01 
2.89 
2.87 
2.87 
Discharge 
(m 3 /second) 
1008 
1085 
1286 
1651 
1558 
1314 
1453 
1524 
1617 
1926 
1937 
2257 
2424 
2453 
2427 
2413 
2356 
2331 
2183 
2166 
2166 
97 
TABLE B.2. Continued 
Month and day 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Water temperature 
(C) 
26 
26 
27 
27 
27 
27 
27 
27 
27 
28 
28 
27 
27 
27 
28 
27 
28 
27 
27 
26 
25 
Stage 
(m) 
2.87 
2.87 
2.87 
2.86 
2.85 
2.79 
2.63 
2.36 
2.27 
2.41 
2.52 
2.55 
2.70 
2.67 
2.59 
2.47 
2.40 
2.32 
2.28 
2.23 
2.20 
Discharge 
(m 3 /second) 
2169 
2155 
2158 
2155 
2002 
1974 
1872 
1651 
1597 
1745 
1787 
1787 
1878 
1880 
1829 
1756 
1702 
1623 
1614 
1555 
1526 
98 
TABLE B.2. Continued 
Month and day 
25 
26 
27 
28 
29 
30 
31 
August 1 
2 
3 
4 
5 
6 
7 
Water temperature 
(C) 
25 
24 
23 
23 
22 
23 
24 
Stage 
(m) 
2.15 
2.12 
2.11 
2.02 
2.01 
1.96 
1.92 
1.89 
1.83 
2.31 
2.60 
2.47 
2.24 
2.20 
Discharge 
(m 3 /second) 
1487 
1436 
1441 
1351 
1348 
1323 
1249 
1221 
1136 
1699 
1832 
1694 
1507 
1487 
99 
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